Patients 
B
ronchial asthma has classically been attributed to the IgE-mediated hypersensitivity mechanism on participation of mast cells, eosinophils, and Th 2 -lymphocytes. 1, 2 However, during the last decades evidence has been found for possible involvement of other hypersensitivity mechanisms, so-called "nonimmediate" or "IgE-independent" mechanisms, in this disorder. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Patients with allergic bronchial asthma, when challenged by allergen, develop various types of asthmatic response, such as immediate asthmatic response (IAR), late asthmatic response (LAR), or dual late asthmatic response (DLAR), because of different immunologic mechanisms, having been already studied from various points of view. [3] [4] [5] [6] [7] 11, 14, 19, 21 In some bronchial asthma patients examined at our department, an asthmatic response appearing 24 -48 hours after the bronchial provocation tests (BPT) with allergens has been recorded. 22, 23 This type, designated by us as "delayed asthmatic response" (DYAR), differs substantially from the IAR and the LAR in clinical and immunologic features and in the hypersensitivity mechanisms underlying the particular asthmatic response types. 3, 4, 7, 14, 19, [21] [22] [23] [24] [25] The DYAR became a target of our research interest. [22] [23] [24] [25] Each of the hypersensitivity mechanisms can be characterized by the typical involvement of particular cell types, generating and/or releasing various factors and expressing typical receptors (CD molecules) on their membrane. The particular cell types, stimulated or inhibited by various intercellular signal mechanisms, interact with other circulating and/or tissueresident cell types and follow specific traffic patterns in the blood and bronchial tissue leading to a variety of immunologic processes, bronchoconstriction, increased sputum production, and airway remodeling. The CD molecules, or so-called "surface/membranebound receptors," being dynamic structures expressed on the membranes of various cells, represent important components of the immunologic system and processes by executing manifold intra-as well as extracellular functions, especially the activation of the bearing cells and intercellular communication on various levels. 1,2,26 -28 The purpose of this study was to investigate expression profiles of membrane-bound CD molecules (markers) on the particular cell types circulating in the peripheral blood during the DYAR and thereby to establish the course of their possible involvement in the mechanism(s) underlying the DYAR.
Control Groups
The 29 bronchial asthma patients, 11 of them developing an IAR, 10 demonstrating a LAR, and 8 patients developing a DLAR to BPT with various inhalant allergens (Tables 1 and 2) , and 12 healthy subjects, being family members of the patients investigated, volunteered to participate as controls in this study (Table 1) .
Ethical Committee Approval
The study had been approved by the institutional ethical committee (IRB-MCK) and a written informed consent was obtained from all participants in this study. The study was carried out in accordance with the WMA Declaration of Helsinki concerning the "Principles for medical research involving the human subjects".
Allergens
Dialyzed and lyophilized allergen extracts (Allergopharma, Reinbek, Germany), diluted in PBS, were used in concentrations of 100 -500 BU/mL for skin tests and 1000 -3000 BU/mL for BPTs ( Table 2 ). The manufacturer recommended concentrations of 500 BU/mL for the skin tests and up to 5 000 BU/mL for the bronchoprovocation.
Skin Tests
Skin-prick tests with allergens in concentrations of 500 BU/mL were evaluated after 20 minutes. If they were negative, the intracutaneous (i.c.) tests in concentrations of 100 -300 BU/mL (our standard concentrations) were then performed. In the case of positive skin-prick tests, the following i.c. tests were performed in a dilution 1:5. The i.c. tests were evaluated 20 minutes and 6, 12, 24, 36, 48, 72, and 96 hours after the injection. A skin wheal (Ͼ7.0 mm in diameter) appearing 20 minutes after the injection was considered to be a positive immediate skin response, the skin infiltration observed between 6 and12 hours was considered a late skin response, and the skin induration recorded later than 48 hours was designated a delayed skin response.
3,4,22-25

Bronchial Provocation Tests
The BPTs were performed using spirometry (Spirograph D-75; Lode B.V., Groningen, The Netherlands) recording the forced vital capacity and forced expiratory volume in 1 second (FEV 1 ) values. 3, 4, [22] [23] [24] [25] 29 The aerosols of allergenic extracts and PBS were administered by Wiesbadener Doppel-inhalator at an airflow of10 L/min. The nebulizer output was 0.12-0.14 mL/ min. The aerosol particles had a median mass diameter of 2.8 -3.6 m. The initial BPTs have always been performed with allergenic extracts diluted 1:10 and if they were negative, the BPTs with undiluted extracts (ϭ our standard) followed ( Table 2) .
The BPTs were performed according to the European standard, 29 modified by us, applying the following schedule: (1) baseline values recorded at 0, 5, and 10 minutes; (2) PBS control values recorded at 0, 5, and 10 minutes after a 10-minute inhalation; (3) inhalation of the allergen aerosol for 2 ϫ 5 minutes, with inserted spirometric recording, followed by recording of the spirometric values at 0, 5, 10, 20, 30, 45, 60, 90, and 120 minutes and then every hour up to the 12th hour and every 2nd hour during the 22nd to 38th, the 46th to 56th, and at the 72nd hour. 4 -6,30 -32 The BPTs were evaluated by the following criteria: (1) the FEV 1 decrease of Ͻ10% with respect to the baseline values as negative, from 10 to 20% as doubtful and of 20% or more as positive; (2) the decrease in FEV 1 values recorded at least at three consecutive time intervals was considered to be a positive asthmatic response; (3) the asthmatic response appearing later than 24 hours after the allergen challenge was considered to be a positive DYAR.
22,25
Routine Diagnostic Parameters
Various "in vivo" and "in vitro" diagnostic parameters were recorded either singly (Tables 1 and 2 ) or repeatedly during the DYAR (Table 3 ). The Th 1 /Th 2 ratio values in peripheral blood were measured by means of flow cytometry and the intracellular cytokines, from the cells stimulated with phorbol 12-myristate 13-acetate, by means of commercial immunoassay (ELISA and EIA) kits, as described previously. 
Separation of Particular Cell Types from Peripheral Blood
Heparinized venous blood (5 mL) was mixed with 0.25 volumes of 6% dextran and erythrocytes were allowed to settle for 30 minutes at room temperature (RT). Aliquots of cell-rich plasma were diluted with Hank's balanced salt solution (HBSS) without Ca ϩϩ and Mg ϩϩ and particular cell types were isolated by three-step discontinuous centrifugation on Percoll density gradients (Pharmacia, Uppsala, Sweden) and centrifuged at 1000 ϫ g for 20 minutes at 4°C. The cells were separated at the following density degrees: basophils, 1.080 g/mL (1.075-1.081 g/mL); eosinophils, 1.088 g/mL (1.085-1.100 g/mL); neutrophils, 1.090 g/mL (1.080 -1.099 g/mL); lymphocytes, 1.077 (1.066 -1.077 g/mL); and monocytes, 1.065 g/mL (1.059 -1.068 g/mL). The residual erythrocytes were lysed hypotonically. The cell-reach layers were recovered and washed in PBS with 0.5% bovine serum albumin (BSA) and 2 mM of EDTA (pH 7.2).
The cells were additionally purified using immunomagnetic beads, coated with a cocktail of biotin-conjugated MoAb as primary labeling agents (Miltenyi-Biotech isolation kits-human; Miltenyi-Biotech, Bergisch Gladbach, Germany) and anti-biotin MoAb conjugated to MicroBeads as secondary labeling agents (MiltenyiBiotech) at 4°C for 30 minutes. The positive versus negative selection (depletion) of the cells was performed by magnetic cell sorting using the magnetic cell separator system, including LS column (MACS; Miltenyi-Biotech), according to manufacturers' protocol. The cells were then washed and resuspended in HBSS with 0.2% BSA counted and assessed for purity. The purity of the cell preparations was 96 -99% and the viability was 94 -97% as measured by trypan blue exclusion. The cells were finally washed in Ca 2ϩϩ -and Mg 2ϩϩ -free HBSS and their count was adjusted at a concentration of 1 ϫ 10 6 cells/mL. The NK-rich population was additionally separated by four-step discontinuous Percoll gradient centrifugation adjusted to isotonicity by addition of 10%vol/vol 10-fold concentrated HBSS and preparation of four Percoll concentrations (40 -50%), varying by 3.5 increments, layered in 15-mL conical tubes (Falcon; BD). After incubation on nylon-wool columns and washing with PBS, resuspension in RPMI-1640 at a concentration of 1 ϫ 10 6 cells/mL and centrifugation at 400 ϫ g for 30 minutes, the NK cell-rich populations were collected from the second (40:43.5%) the third 
%MFI ϭ percent of relative mean fluorescence intensity (mean Ϯ
SEM); 0 (zero) ϭ MFI value less than the MFI value of the irrelevant IgG isotype control.
(43.5:47%), and the fourth (47:54%) interfaces, washed three times in PBS, and again resuspended in RPMI-1640 at a concentration of 1 ϫ 10 6 cells/mL. The thrombocytes were prepared from separate samples of venous blood collected into EDTA-Vacutainer tubes (BD), fixed with 1% paraformaldehyde in PBS (pH 7.4) at 22°C for 20 minutes and centrifuged at 250 ϫ g for 15 minutes. The platelet-rich plasma was removed and platelets were washed twice in Ca 2ϩ -and Mg 2ϩ -free PBS, adjusted to 1 ϫ 10 6 /mL, and incubated with saturating concentrations of the FITC-conjugated MoAb. After incubation at 22°C in the dark for 30 minutes, the reactions were stopped by addition of 500 L of 1% paraformaldehyde in PBS and the samples were analyzed using flow cytometry (BD).
Determination of the CD Molecules by Flow Cytometry
The particular cell preparations, except thrombocytes, were resuspended at a concentration of 1 ϫ 10 6 cells/mL in 1 mL of RPMI-1640 medium (pH 7.4; SigmaAldrich, St. Louis, MO) containing 2 mmol/L of l-glutamine (Gibco, Paisley, U.K.), 100 IU/mLof penicillin, and 100 g/mL of streptomycin and kept for 10 minutes at 37°C. After addition of 1 mol/L of ionomycin (Sigma) and 1 g /mL of Brefeldin A (Sigma), the cell preparations were cultured in the tubes (BD) for 4 hours at 37°C with 5% CO 2 , centrifuged at 300 ϫ g for 15 minutes at 4°C, washed in PBS containing 0.5% BSA and 0.1% sodium azide, and subsequently resuspended in 500 L of FACS permeabilizing solution (BD) for 10 minutes at RT in the dark.
The cells were washed twice with PBS and incubated with saturating concentrations (10 L) of the FITC-or PE-conjugated MoAb directed against the particular CD molecules for 30 minutes in the dark at RT. After the incubation, the cells were washed in PB, resuspended in 500 L of 1% paraformaldehyde, collected by centrifugation 350 ϫ g for 5 minutes, at 4°C, washed twice with ice-cold PBS, and, finally, centrifuged at 400 ϫ g for 10 minutes at RT. The supernatants were discarded, and the pellets were resuspended in HBSS (pH 7.4) to a final concentration of 1 ϫ 10 6 cells/mL and stored at 4°C for 12-24 hours until analyzed by flow cytometry. The FITC-and PE-conjugated mouse IgG 1 and/or IgG 2 MoAb (BD) were used as isotypespecific controls to set the threshold values. The data were generated by the three-color FACS-Calibur flow cytometer (BD), equipped with a 15-mW argon ion laser and appropriate filters for FITC (530 nm; FL-1), PE (585 nm; FL-2), and PerCP (Ͼ650 nm; FL-3). The typical forward and side scatter gate for particular cell types together with their logical gates were set and the second gate within this gated area was further selected. The analyses were performed on the cells in the second gate. From each sample, at least 10,000 events have been measured. All determinations, performed in duplicate, were accompanied by parallel incubations with FITC-or PE-conjugated irrelevant antibodies matching the particular antibody isotypes. The results were expressed in percent of the mean relative fluorescence intensity (%MFI), which was actual MFI minus MFI of the irrelevant IgG isotype control.
Statistical Analysis
The initial and repeated DYARs and PBS controls were analyzed by means of fitting polynomials to the mean curves over time, 8 time points within 120 minutes and 20 time points up to 56 hours after the allergen or PBS challenge. The hypotheses were tested by means of the generalized multivariate analysis of variance model. 33 The expression changes of CD molecules (⌬MFI%) on particular cell types during the repeated DYARs and PBS controls have also been statistically analyzed by means of the multivariate analysis of variance model method. 33 The individual postchallenge expression values of particular CD (in ⌬MFI%) recorded at each of the time points during the repeated DYAR and PBS control in each of the patients were compared with their prechallenge (baseline) values and additionally evaluated by Wilcoxon matched-pairs signed-rank test. Moreover, the single postchallenge expression values of particular CD molecules measured at each of the time points during the repeated DYAR in all patients were compared with the corresponding postchallenge PBS values and additionally evaluated by Mann-Whitney U test. A value of p Ͻ 0.05 was considered statistically significant for all statistical methods.
RESULTS
Initial and Repeated DYAR
The 17 patients developed 17 positive DYARs (p Ͻ 0.01) and 21 negative asthmatic responses (p Ͼ 0.1) to 38 BPTs with allergens. The DYAR began within 26 -32 hours, reached maximum within 32-48 hours, and resolved within 56 hours (Fig. 1) . The DYAR was statistically significant both when compared with the prechallenge FEV 1 values (p Ͻ 0.01) and with the PBS controls (p Ͻ 0.001). No significant differences were found between the initial and the repeated DYAR (p Ͼ 0.1; Fig. 1 ). No significant differences were found in the appearance of the DYAR with respect to the individual allergens (p Ͼ 0.2; Table 2 ).
Association of DYAR with Other Diagnostic Parameters
Patients developing the DYAR showed allergen-relevant positive immediate skin response in 29%, late skin response in 12%, delayed skin response in 59%, and allergen-specific IgE antibodies in the serum in 0% and decreased bronchial histamine threshold in 70% (Table 1 ). The positive DYAR was accompanied by significantly increased dyspnea, wheezing, and tiredness; increased blood leukocyte, lymphocyte, and neutrophil counts; significant changes in the Th 1 /Th 2 cell ratio in peripheral blood in favor of Th 1 cells, and significantly increased intracellular concentrations of interferon (IFN) ␥ and IL-2 ( Table 3) .
Expression of CD Molecules (Markers) on the Particular Blood Cell Types during the DYAR
The prechallenge expression of the CD molecules on the particular blood cells in DYAR patients did not differ significantly from their expression on the blood cells in the healthy control subjects (data are not shown).
The repeated DYAR was associated with significant changes (p Ͻ 0.05) in the expression of the following CD molecules on the surface of the circulating blood cells (Tables 4 and 5 ): (a) basophils-increased expression of CD203C at 1 and 6 hours; (b) eosinophilsincreased expression of CD25 and CD62L at 1 hour and decreased expression of CD18 and CD44 at 36 and 48 hours; (c) neutrophils-increased expression of CD11b at 6, 12, 24, 36, 48, and 56 hours, CD11b/18 at 1, 6, 12, 24, 36, and 48 hours, CD16 at 6,12, 24, and 36 hours, CD32 at 1 and 6 hours, CD35 at 6 and 12 hours, CD62E at 1, 6, 24, 12, and 36 hours, CD64 at 12, 24, and 36 hours, CD66b at 1 and 6 hours, and decreased expression of CD15 at 1, 6, 12, and 24 hours; (d) monocytesincreased expression of CD14 at 1, 6, 12, 24, and 36 hours, CD16 at 1, 6, 12, 34, and 36 hours, CD64 at 1, 6, and 12 hours, and CD86 at 1 and 6 hours; (e) lymphocytes-increased expression of CD3 at 12, 24, and 36 hours, CD4 at 6, 12, 24, 36, and 48 hours, CD8 at 24, 36, and 48 hours, CD11a at 24 and 36 hours, CD18 at 1 and 6 hours, CD69 at 1, 6, 12, and 24 hours, and decreased expression of CD40 at 1, 6, and 12 hours; (f) NK cellsincreased expression of CD16 at 1, 6, and 12 hours, CD56 at 12, 24, and 36 hours, CD57 at 24, 36, and 48 hours, and CD94 at 6 and 12 hours; (g) plateletsincreased expression of CD31 at 24 and 36 hours, CD41 at 6 and 12 hours, CD61 at 6 hours, CD62P at 12, 24, and 36 hours, and CD63 at 6 and 12 hours. No significant changes in the expression of the CD molecules were measured on these cells during the PBS control challenges (p Ͼ 0.1).
Control Subjects
No significant differences in the CD molecule expression were recorded on the particular blood cells of the control patients with IAR, LAR, or DAR when compared with the healthy control subjects (p Ͼ 0.01, p Ͼ 0.01, and p Ͼ 0.05, respectively; data are not shown).
DISCUSSION
The DYAR differs from the other asthmatic response types, such as IAR, LAR, and DAR, in the clinical and immunologic features, and presumably, also, in hypersensitivity mechanisms underlying these asthmatic responses. 3, 4, 7, 14, 19, [21] [22] [23] [24] [25] The CD molecules are dynamic structures executing manifold regulatory and effector functions and a signal transmission. 26,27,30,31,34 -36 They act in close relation not only with their ligands, but also with other components of the immunologic system, such as mediators, cytokines, chemokines, and adhesion molecules, with parts of the metabolic system, and with factors released by a variety of cell types. 26, 27, 30, 31, 34 A relatively high number of various CD molecules can exist on the membrane of one particular cell type, and vice versa a certain type of the CD molecule can be expressed on the surface of various circulating cell types, or cells resident in various types of tissue. [31] [32] [33] Furthermore, the same CD molecule can execute different functions on the surface of different cell types. Results of this study showed changes in expression of various membrane-bound CD markers on the cells in peripheral blood during the DYAR, such as (a) increased expression on the T-helper (probably Th 1 ) lymphocytes (CD3, CD4, CD8, CD11a, CD18, and CD69), neutrophils (CD11b, CD11b/18, CD16, CD32, CD35, CD62E, CD62L, CD64, and CD66b); monocytes (CD14, CD16, CD64, and CD86), NK cells (CD16, CD56, CD57, and CD94), thrombocytes (CD15, CD41, CD61, CD62P, and CD63), basophils (CD203C), and eosinophils (CD25 and CD62L); (b) decreased expression of the other CD molecules on the eosinophils (CD18 and CD62L), neutrophils (CD15), lymphocytes (CD40), and thrombocytes (CD61). These findings indicate an increased activation of the Th 1 and NK cells, neutrophils, monocytes, and thrombocytes during the DYAR.
These results are also consistent with outcomes of our previous studies [22] [23] [24] [25] concerning the changes of various cells and factors in peripheral blood during the DYAR, such as (1) increased counts of total leukocytes, neutrophils, monocytes, lymphocytes, and Th 1 cells the Th 1 /Th 2 ratio in favor of Th 1 cells after the "in vitro" stimulation with phorbol 12-myristate 13-acetate. 22, 23 These data provide evidence for an active involvement of neutrophils, monocytes, thrombocytes, and lymphocytes, especially their Th 1 and NK cells in the immunologic mechanism(s) underlying the clinical DYAR. An increased expression of CD203C on the basophils at 1 and 6 hours and of CD25 and CD62L at 1 hour and decreased expression of CD18 and CD44 at 36 and 48 hours, on the eosinophils, without any significant changes in their counts in the blood, suggest either a limited activation of these cells during the early stages of the DYAR mechanism or their induction by other CD molecules because of a cross-reactivity, or, finally, it may be an artifact. Unfortunately, we have no explanation for this finding. Despite abundant literature, there is a dearth of information concerning the expression of individual CD molecules on the particular cell types and their changes during the individual asthmatic response types. The studies dealing with expression of CD molecules on circulating blood cells in patients with (allergic) bronchial asthma are not numerous. 5, 12, 15, [35] [36] [37] [38] [39] [40] Moreover, in most of the relevant studies, the expression of a limited number of CD molecules has been measured either on the cellular pool of the whole blood or on the surface of some selected blood cell types, by means of a single determination after a nonspecific "in vitro" stimulation.
The results of this study are not fully comparable with other investigators' data for several reasons. The most important reason is the clinical DYAR itself, studied predominantly by us. [22] [23] [24] [25] The other reasons can be seen in (a) the existence of various phenotypes of bronchial asthma and various types of asthmatic response to allergen challenge; (b) the difference between a single measurement and the repeated determination of the CD molecules during a particular asthmatic response, generating a dynamic course of such changes; (c) the difference between the "in vivo" exposure with inhaled allergen and the "in vitro" laboratory stimulation of the cells with a nonspecific agent; (d) some technical aspects, such as differences between the fluorescence measured in the whole pooled blood and fluorescence measured on the particular isolated cell types, variations in the methods themselves as well as the commercial antibodies used. Finally, the interpretation of the results may also be an important factor. Is the expression of the particular marker a part of a certain immunologic process, is it a consequence of that process, or is it a combination of both the roles? This crucial question would then lead to a different evaluation of the changes in the CD molecules expression.
Another aspect, which can influence the attained results, is the BPT method. [41] [42] [43] [44] We have used the inhalational bronchial challenge, whereas a number of other investigators have used the segmental challenge technique. 8, 9, 15, 21 Both of the techniques have a number of advantages and disadvantages. 3, 4, 7, 9, 15, [21] [22] [23] [24] [25] 29, [41] [42] [43] [44] The advantage of the segmental challenge is the provocation of a limited lung area with a small allergen amount and direct access to the site of the immunologic event. Its disadvantage is an exclusion of the part of the respiratory system (from the mouth to the secondary bronchi) being regularly the site of the initial stage of the immunologic process leading to the asthmatic response. This method is laborious, requires application of anesthetics, and the less natural bronchoalveolar lavage (BAL) technique can be a burden on the patient. The advantage of the inhalational technique is a simulation of the natural allergen exposure on inclusion of all parts of the airways, relatively low strain for the patient, and low risk of postinterventional complications besides the expected bronchoconstriction. Its disadvantage is the need of a rather large effective allergen dose.
These study results are limited to the peripheral blood cells and they can not reflect the topical processes in the bronchial tissue. The CD expression on the surface of Th 17 and T-regulatory 45 and B lymphocytes, in the peripheral blood as well as cytological and immunologic features in BAL fluid and bronchial mucosa biopsy during the DYAR due to the inhalational challenge with allergens, has not been investigated. These aspects, being a certain shortcoming of this study, should be investigated in the future.
The current results, together with our previous findings, [22] [23] [24] [25] showed the existence of an asthmatic response phenotype (DYAR), differing essentially from the already established response types, in some patients with allergic bronchial asthma. The DYAR, appearing later than 24 hours after an allergen exposure and lasting up to 48 hours, at least, can not be diagnosed reliably by the skin tests, determination of the IgE antibodies in the serum, eosinophil count in the blood, and/or the bronchial histamine/methacholine threshold. The DYAR can only be confirmed by BPT recorded up to 36 -48 hours, at least. According to our preliminary results, the DYAR can only be prevented by inhaled glucocorticosteroid and partly by inhaled nedocromil sodium. 46 Nevertheless, further concurrent clinical and immunologic research will be indispensable to clarifying fully the hypersensitivity mechanism(s) underlying the DYAR and to defining its clinical position, significance, and its difference from the other asthmatic response types. In particular, the data indicating and defining the immunologic processes on the topical level in the bronchial tree, gained by means of BAL and by the biopsy of the bronchial mucosa, during the clinical DYAR, will be of a great importance. Another aspect that should also be investigated
